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2 (S7) Abstract: A dif&active optic multiplexex/demultiplexer for telecommunications is disclosed. The difl&active optic provides 

Owavelengdj mnltiplexing/demoltiplexing. The diflfractive optic is located off-axis to at least one somce of diveiging coherent elec- 
Iromagnetic eneigy. wherein the diffiactive optic is configured to coUimate die diverging coherent electromagnetic energy along a 
^ commuracation axis. The difl&active optic can be bi-directional, diereby providing mnltiplexiiig for die divergiiig beams intersecting 
^ die diffiactive optic an demultii^exing for intersecting multiplexed oollimated commnmcation beams. 
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HOLOGRAPHIC OPTICAL TRANSCEIVBR EMPLOYING 
DIPFRACTIVB OPTIC FOR ATMOSPHERIC FREE SPACR 
TRT.F.mM MUNICATIQN 

Field of the InveiitiQa 

The present inventioii relates to fiee space optical tdecootmnumcation, and more 
particulariy, to a selfHDiiiltiplexmg/demiiltq)lexing laige q>erture optical device fi>r 
pioducing, transtnittitig and receiving a coUimated cohoient communication beam. 

Tiftftlrprt nimd of tte Inventton 

While the capacity of data transmissicm over fiber optic and traditional conductive 
cable TOtworkB has greatly increased, these networks rely on coaxial cables or fiber optics 
extending between all nodes on flienetwoik. CAlenetwoikB must be trenched deep into the 
ground, buried under ttie sea or hung fix>m poles and Welded fiom destruction or 
interf^ence. Installation of such networlra is time consuming arid, fheiefi)^ 
Further, ttie maintenance of such networks is acritical and a costly con^onent of an 
operating system. 

Wireless communications in the form of radio fi:equency transmission are often 
mrployed in place o^ or conjunction witii the cabled networks. However, radio fi:equency 
communication is lunitedby available fiequendes as well as the security of the transmitted 
mfiarm atinn , 

Alteniath^, tdescopes haye bem enqiloyed to col^^ 
dgnaltoapreddenniiiedlocattoiL HowB^,topnmdearelativ^^laigBai>ertncei»1]ie 
telesoipe optics dictates large optical sur&ces. These UogB optical smfices are difBcalt to 
manuficture and are therefore eapensive. Mgnmentofsudi telescope systeans requires 
ecctensive and coioplicated control equqnneat 

Pree space, point-to^int miocowave systems arc used extensively in tibe 
conmmnications field. A networic of point-to-point microwave systems can cany messa^ 
across ^ commy as part of Hie public switched telqihone network. Despite strong 
couoipcUlIoii fixnn fiber optic based communications systems, microwave fi»e space systems 
are ofim justified Sxr diorter routes, whea right-of-way for a cable system is not available, or 
when the high communications capadty of a fiber <^tic system is not needed. 

Laser communication systems in particular have become increasingly popular to 

provide a fiee ^acecommumcatiQns link between two bcatioDS. Laser systems do not 

requhie extensriw fixquemy coordinatian as do microwave systems in co^ 
bands. 

Laser systems often are less expenave to install flian conventiooal cable or fiber optic 
cable communications systems because physical installation of a cable is unnecessary. 

1 
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For eKaQ[q)le, a laser conmmnication system may have application between two 
ooiporatelocatioM ma campus enviroimien^ Bach laser commmiicationtenninal may be 
positioiied on a bmlding rooftop or evern positioned adj acoit a window and aligned to opeirate 
between buildipgs. A commimication link within a bdlding may also 
q)ace laser ccannnmicalion system. Modem office automation also typically generates large 
amounts of data Oat must often be communicated between different coiporate locations. 
Accordingly, the deniand fisr laser communication 1^ 

Broadband point-to-point commnnicatiras now often eoqploy lasers in a point-to- 
point system that establishes a single contmuous, Mgji-apeed, W-dhectional, muW-chamiid, 
atmosphmc connection. Laser based wireless systems have been developed foT egfa AKglmig 
point-to-point, bi-directional and higjb speed telecommunications thiou^ the almo^hes^. 
The range for such systCTis is typicafly 0.5 to 1^ miles, with some h^ 
or more. Ihe longest atmosphmc communications path achieved wi^h a poM^ 
Systran exceeded 100 miles. These single paffli systems require a laser and transcdv^cpti^ 
ateachadoffliecomiection. The connectians are equable nf maiTitflmiT^ g high speed bi- 
directionalcommunicatiQns in some ofthe most severe inclement w^ The 
cost of such systems are typically in the $10,000 to $20^ 
them unsuitable for most home and business use. 

Free space lass- communication systenas are considered stationary laser sousces for 
regulatory purposes, and as such, must comply with regulatory limits established to protect 
file eyes of an accidental or unintanded observe:. An accidotal observer may receive 
permanent damage fiom a higji pow^ laser beam without espaiencing any pain which might 
forewarn the obseflYo: of Ae harmful esposine. hi addition, the wavelenglhs used by las^ 
systems are oftm invisible. Standards have been put in place that establish ^limits for the 
power that may be trainsmitted by a stationary laser source, such as a laser commuoication 
temunaL This maTrimim i pennissflble power limits the signal-to-noise ratio, the bit rate, 
and/or the separation distance of tfie c fmnTrnin Tip^yHm systmii, 

Accordmgfy, thTO is a great need for a fiee space lasa: comm^ 
mediod that compMes with safety limits, yet has mq^ 
systems. A need also exists for pomt-tD-pointtnmsmission systems^ 
inejqjCTsive technology for tiansnutting and recdvingd^ The need fiirfter exists for a 
system that can accommodate thennal and mechanical variances without requiring substantial 
intervention or corrective con^nents. 

Summar y of the In vention 

The present mvention inchdes ahologrqphic qptical transceiver for providmg a 
broadband, point-topoint coherent commumcation beam in a continuous, hi^h-speed, hi- 
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directional, nuilti-channel, atmosphGric comectioa La addition, the present invention allows 
for an optical signal to optical signal pass tlirougji, as well as an optical signal to electrical 
dgnal and an electrical signal to optical signal pass fhroiig^ That is, an optical signal may 
pass through Hie invention or an dectrical signal may be wpxA and an optical signal oulput 
5 Similarly, an optical signal may be received and a corresponding electrical signal generated 
' by the present invention. 

The present invention provides a jB:ee-space optical teleconmnmicatioa device 
eaq>loyingdifi&active optics. In a preforod configuration, tiiedifBactive 
The present invention provides for the atmospheric transmission of a coOimaled cohennt 
1 0 energy communication beam, Aereby obviating the need for a cabled netwoik such as a fiber 
optics. GeneraUy, the present optical coinmunication apparatus iiK^ludes a dif^ 
located ofF-axis to a plurality of diverging cohoent beams, the diffiactive optic configured to 
formacoIlimafedcommmucationbeanL The diverging coheretd beams may be prodnced by 
coircqjonding sources such as generators or the oulput ofa fiber optic. Dqpendmgi^ponthe 
15 mmiba: of transmitted beams, the communication beam may be multiplexed. 

The present invention fintiior provides a melfaod of optic communication including 
passmg a diverging cohmnt beam tinougji an ofF-axis collimating diffiactive optic such as a 
hologrant In a further configuration, a plurality of diverging coherent h «mrig pnai? t^u^ 
the collimating dif&active optic to form amnltqslexed colfimated communicattonbeam. 
20 Additional configurations of the present invention provide a diffiactive holographic 

collimating optic which is bi-dnectional and selected to demultq)lex a coUimated multiplexed 
coherent communication beam passmg through the optic to fimn a phnality of virtual discrete 
poiut sources. 

BrirfDescription of the Hrawinps 

Figure 1 is a schematic representation of the camnmnication device in an npe rating 
environment 

Figure 2 is a schematic representation of a configuration of tiie communication 

device. 

Figure 3 is a schematic representation of an alternative configuration of the 
communication device. 

Figure 4 is a schematic representation of a fiuflier configuration of the communication 

device. 

Figure 5 is an esjiargpd view of a coheraot transcavCT suh-assembly and control 
mechanism. 

Figure 6 is a schematic representation of another configuration of the communication 

device. 
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Figure 7 is a schonatic repieseolation of an additional configmation of tbe 
communication device. 

Detailed Description of th e Preferred BrnhnHimmte 

The hologr^hic optical transceiver 10 of present invesotion provides a system and 
method for bi-^iirectionalfiee space optical communication. Inparticular^tiieptesent 
invention allows for the creation, transmission and recq)tiQn of a collimated communication 
beam 1 2 aero ss j&ee q)ace» whescein tiie communication beam may be multiplexed and 
demultq)lexed 

As used herein tiietenn" free space" defines distances on the order of meters to 
kilometers, wifihout fee use of fibo: optics. In contrast, current fiber optic devices inay 
employ an optical signal spanning a gap on the order of a few tentiis of toillimeters. 

The communication beam 1 2 inchides, but is not limited to broadcast, digital data, 
interactive televidon, video telephony, video confisreodng, video messaging, video on 
demand, high definition television (HiyrV),Wg^t Hie commumcation 

beam 1 2 is a colfimated beam of electromagnetic enorgy that propagates tixrough fiee spaca 
fii certain configurations of tiie presrat hxvention, tiie commmiication beam 1 2 may also be 
multiplexed Thus, the communication beam 12 inchdes a collimated mnlt^lexed 
electromagnetic energy beam. The commumcation beam 12 may include a plurality of 
diflfoent waveleagflis, \)rtierem data is modulated on each wavelength of flie light beams, 
thereby advantageously increasing the bandwidttL While tiie present system provides for 
extremely higji speed transfia: rates, it is contenqilated the system can be enqiloyed at data 
rates commensurate with an associated service. 

Reforing to Figure 1 , the present optical ^stem contemplates a transmitting station 
andareceivingstatioa B is contemplated each stationrng^ be limited to a iranainlfHiig 
configuration or aiecdving configuration respective^. Howevor, fin: purposes of the present 
description, tiie stations are described as optical transceivers 20, in fliat each station can 
transmit as well as receive a communication beam. In addition, each station can be 
configured fi)rmultiple3dng and demultiplexing (mux/demux). AMiough not intended to be 
linuted to such configuration, tiie stations of ttie present system are set 
optical transceivera configured far transmission and reception, as well as mux/demusc. 

The optical transceivers 20 are located along a line of si^tpatk The hne of sight 
may inchide a straigjit linear pafli. It is understood, tiie line of si^t may include redirection 
byoneQrapfaraKtyofreflectivesurfeces,suchasmirrors, For clarity ofdescription,flie line 
of sig^ is depicted as a linear path diown in Figure 1 . 

The anticipated size of the optical transceivas 20 allows fiir installation on the tops of 
buildings, roofe as well as the sides of flie buildings, witiiout requiring extensive weight 
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beating siQ>poxts. Preferably, the optical transceiver 20 is sufficiently connected to a building 
or structme to siibstBiitially preclude movement of the transceiver relative to the building. 
That is» esotviiomnental &ctois such as wind, temperature and snow loading do not alter flie 
position of the transceivea: 20 relative to the building. 
S Referring to Figures 2 and 3, typical mounting of tibie transceiver 20 inchdes a 

mountingplate 14,acoiq>lingl6andasiq3portannl8. The mounting plate 14 is afiBxed to 
flie building or stmcturB, -wherein flie cnniplmg 1 is afinnhftfl tn fhft mn^i^fing fM^r, The 
support arm 18 extends between flie transceiver 20 and fliecoup^^ The coupling 16 is 
constnicted to be selectively tightmed to r^ain the siq>port 18 and hence transceiver 20 

10 m a pred^emiiined orientation reMve to the building. The siqjfport arm 18, tiie coupling 16 
and the mounting plate 14 may include a through passage for passing a power supply line as 
well as any communication lines, such as fiber optics to the transceiver 20. 

As shown in Figures 2-4, 6 and 7, the optical transceiver 20 includes a housing 30, a 
diffractive optic 60, atransmitter 70 and arecdver 80. 

IS The housing 30 niay have any ofa variety of configurations and is ty^ 

by the configuration oftfaedifiSradive optic 60. Preferably the housmg 30 is configured to 
form a rigid feame to whi(±L the remaining comp^ The frame may be a 

variety of materials including metals, plastics, laminates and composites. The construction of 
the housing 30 ma^ also be partially deteonined by envhxmmenlal con^derations including 

20 themial e^ansion. 

The diffiactive optic 60 is located to intersect at least one diverging beam 8 and 
transmits a refiacted conmrunication beam 6, i?^erein one of the diveigmg beam and the 
refi:actedco]ntm]iuMcationbeamareo£raxistoaplaneofthedi Ihaprefecred 
configuration, the difi&activecptic 60 is a hologrqpMc interference The 

25 substrate can be a surfece, a volume or a miiriemzedi:^^ Inaprefenedcoiifiguration, the 
difB:m:tive optic 60 is constmcted to perform a variel^ of functions incTii<ti?iig oollimation, 
beamdiapingandmuItqpleraQgoftiiedivagii^ The muttipleodrig includes q>atial 

and wavelength multiplexing. However it is understood, the diffiactive optic 60 can be 
eoqployed to pearfonn just ti&e coltimation feoction, whecdn the beam shqnng is 

30 acconq)lishedby additional optical sur&ces. The difB:active optic 60 is selected to femi a 
wavelength dqt endent virtual point source ofT axis to an entering coUhnated communication 
beam or coUimate a diverging coherent beam passing off-axis tiuoug^ tiie diffractive optic to 
form a coUimated communication beam. As seen in Figures 2, 3, 4, 6 and 7, the difl&active 
optic 60 is located off-axis to at least one of the transnutters 70 or receivesrs 80, and is 

35 selected such &at the communication beam 12 passes through the difi&active optic. 

Referring to Figme 4, the difi&active optic 60 may be constructed as areflective 
(miirorized) demooL Ih this construction, the difBractive optic 60 includes the hologram 
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a reflective sur&ce 64. In such constriM^tioii, the reflective sui^ace 64 

divergmg beam 8 enters the hologram fiom an ofif-axis orientation, reflects off flie reflective 

sorfece and passes fiom a transmissive plane of the difl&active optic as a coUimated beam 1 2 . 

The hologram (difBfactive optic) can be consfarocted in a nmober of coofigaiations for 
ad dimh^e flie diverging beams 8 and ttie c om m mri cation beam 12. As shown in Figures 2, 3 
and 4, tfie difB:active optic 60 can be configured to receive the divergmg beams 8 over 
substantiaUy the entire area of the diffiactive 

communication beam 12 ov^ substantially tiie entire area of the diffiactive optic. 

Alternatively, as shown in Figures 6 and 7, the dif&active optic 60 can inchide a 
portion 66 dedicated to traaaosittiag (collimating) the cmnmunication beam(s) and a sqjarate 
portion 68 dedicated to receiving (decollimating) the communication beam, thus providing a 
dedicated hologram. M the dedicated hologram configuration, one ofthe receiver 80 or the 
transmitt^ 70 can be located on asis with the respective commuzucationbem Thatis, 
the receiver(s) 80 can be located on axis, while the 1iansmittec(s) 70 is loca^ The 
dedicated hotogramcanhave any of a variety of configurations. In an cxemg)laffy 
configuration, the transmitting portion 66 may be ceotrally located in the hologram, with the 
recdving portions 68 spaced about the central transDoi Anotiiear construction 

cantemplates an array of receiving portions 68 and m array of fr angmit fmg p^ftioM 66, Itis 
understood the anaysms^ be inteiisip^sed or separate. In fintherconstructions» separate 
portions of the transmitting or receiving Bsaay can be dedicated to sqparate waveleaigtfas, or 
channels. 

The dedicated hologram construction can be configured to transmit and receive 
separate waveleoglhs to separate portions of the hologram. Thus, multiple wavelengths can 
be transmitted and received through an integiral diffiactive optic, without multiplexing or 
danult5)lexmg. In addition, with the dedicated hologram configuration, flie need fi^ 
sphttm can be obviated as the hologram directs flie relevant wavelmgth to the respective 

recdver 80, without havixDg to accommodate for the transmitter 
same axis. 

The difEtactive optic 60 ni^ have any of a variety fbo^rinls. Tliatis,tiiep€iq)h0ry 
may be square, rectangular, multi-feceted or curvilme^ Astteperq)hetyoffliedifl5active 
optic 60 correspoxids to the area of file diflftactive optic and tiie area of the diffiactive optic 
allows for control of the energy daisity of flie communication beam, it is anticrpaled that tiie 
periphery of the difl&active optic will be selected to nmmnize the available cross sectional 
area ofthe communication beam. As the cross sectional area ofthe communication beam 12 
is maximized, the corresponding energy density of tiie communication beam is xmciimizei 

Typical cross sectional areas ofthe difGractive optic 60 and hence communication 
beam 12, can xaiie^ fiom qqproximately 4 square inches to qsprexixiiat^ square 

6 



wo 02/17516 



lPCrmJSOl/25836 



inches or more. FrefbFably»tliedifSactive optic 60 is selected to be as 
ttierdiy n rniinrizmg the energy density of flic resiiltmg collimated beam. Iq contrast to prior 
systems employing telescopes* wifli the attendant minois and leflectoxs* the present system 
employs the difS:active optic 60, sncii as a hologram, to fimn a large qterture collimated 
cQmmum cation beam. The creatioa of a large apcsctaro commmucatioii beam 12 allows for 
faig^ energy transmission, awhile remaining wifliin acceptable energy densities. 

The transmitter 70 is an dediomagnetic beam source. While the dectcomagnetic 
beam source mqr be any of a variety of electromagnetic enei:gy forms sodi as idsible w 
visible radiation, for pmposes of the description the electromagnetic beam source is coherent 
and understood to be a laser. Topical kse&s include LED or diode lasers. Thelaserscan 
produce a beam in the visible spectnm as weU as near infiared or in£are^ Prefo^lythe 
wavelengflis are in the near in&ared range. In one configuration, die lasers are eye safe, class 
orie lasers in accordance with FDA staiidaids. It is understood altemative standards may 
apply or be followed, such as the American National Standards histitute (ANSI) or CDRH 
standards. Ebwever, it is understood flie "beam" encompasses any of various types nfll ght 
tra nsmissio n, including lasers, a super-fhiorescent light source, or other coherent and/or non- 
cohersit light or optical transmission. ItisalsoundCTtood, tfaecoheraxtelectrornagnetic 
beam source 70 maybe emissions fiom a fiber optic throug^i which an optical signal has 
passed as ^own in Figure 3. In such construction, an optical aiiq>lifi^ 22 may be located in 
the housing 30 to boost the signal strmigthofthe diverging beam 8. A typical optical 
anq>lifier is an erbium doped fiber 2mplifi@r(EDFA) ^ 

The use of a particular wavelength of laser light provides high bandwidth with oidy 
slig^attmuation in the atmosphere. The li£^ beam wavelengths gen^ated by die 
atmospherically transmittiaQg light »>urces described in tbe preset invention are chosen to 
noinimize the power loss through the atmosphere. The transmittea: 70 is connected to a sigcial 
aerator* The signal generator is hnown in the art and cgases the trangmiltt^ tn tmlt 

The cohexent light source of the transmitter may be any of a variety of lasers, and in 
particular, a laser diode has been found effective. Preferably, the laser diode produces a 
diverging beam extending fixmi the source to die difiB^^ However as shown in 

Figure 5, optical sur&ces 72 can be enq)loyod to cause a coIHmated beam to diverge. 
Alternatively, in cooperation with the particular difiSactive optic 60, the optical surfiaces 72 
can be selected to diape die diverging beam 8, Preferably, the dif&active optic 60 is sized 
and the coherent ligjit source is spaced Sxm the difi&active optic to optimize tbe area of die 
difiS^ctive optic intersecting the respective diverging beam» 

The receiver 80 is selected to recdve an incoming decoUinated communication beam 
6 or portion ofdiecommurdcation beam 12. hi one configoration, the receiver 80 is a photo- 

7 
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detector dedicated to a particular wavelength. The receiver 80 may also be selected as an 
optical device for transftrring flie optical signal of the decoUinated beam to a downstream 
optical systfflL It is also undentood the receiver 80 can be selected to receive the 
decollimated beam 6 and generate a corresponding electrical signal. 
S The tran smit te r 70 andreceiver 80 can be separate conQxxnents as shown in Figures 6 

and?. However^, the transmitter 70 and the recdver 80 can be combmed into a las^ 
transceiver snbassembly 90 as seen in Figures 2, 4 and 5. 

Referring to Figure 5 , each laser transceiver subassembly 90 generally includes a 
coherent «iergy source (transmitter) 70, aphotodetector (recdvor) 80 and abeam splitter 86. 
1 0 The beam flitter 86 is optically intermediate flie coherent energy source 70 and tiie 
diflfractive optic 60. Sinoilarly, the photodetector is located to dispose the beam 
optically intermediate the diffiactive optic 60 and ttte photodetector. 

As shown in Figure 3, a secondary difiQ:active optic 40 is en^loyed with the 
diffiactive optic 60. In this configuration, the secondary diffiactive optic 40 emulate 
1 S source for a given wavelength, wfaerem ttie signal fiom the emulated point source diverges to 
thedifi5:activeoptic60tobecoll]iriatedintofoecoixmmnica^ 12. 

The dif&active optic 60 and the transceivea: subassemblies 90 are selected to uniquely 
locate each traiiscerversifoassembfy relative to the difB:a^^ As shown in Figure 2, 
flie transceiver subassemblies 90 are spaced fiom each other and the diffiactive optic 60. 
20 AMioug^ three laser transceiver subassemblies 90 are shown, it is undmtood just a 

single transceiva: subassanbfy may be enqiloyed. Similarly, a larger number of laser 
transceiver subassemblies 90 may be located m the housmg and optically aligned with flie 
dififractive optic 60. 

Typically, each lasar transceiver subassembly 90 is coimected to a signal source such 
25 as an electronic signal (from an Efoemet) or an optical signal fiom a fiber optic. 
A nuGTO-posifiQmng assembly 50 is connected to the housiz^ 
suhassembUes 90 to orioDt the laser transcdver suhassenfohes wi^ 
optic 60. Prefenibly, file micro-positioniiig assembly 50 is remotely control^ FurOier, 
the micro-positioning assembly 50 is controllable about two, and preferably three axis to 
3 0 manq)ulate flie direction of foe respective beam propagation with respect to foe diffiactive 
optic60. The miCTOiK)sitioning assembly 50 can inchxde a yoke 52 and at leas^ 
device 54, such as a micro-^servCT or motor. The yoke 52 may be constructed to engage each 
receiver 80, transmitter 70 or laser transceiver subassembly 90. Alternatively, each receiver 
80, transmitter 70 or laser transceiver subassembly 90 may be individually connected to a 
35 corresponding yoke 52 which in turn is indepeodoitly connected to a corresponding motor 
54, or dhectly connected to a respective motor. In an altemative construction, foe micro- 
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positioning assembly 50 includes piezoelectrics, screws bi-moiphic flexiires or similar 
stnictiircs. 

Thus, in contrast to prior devices ^eidn ttie laser source and the hologram are 
locked together and iXK>ved as a single unit, die present systen ac^usts die laser transceivers 
5 independent ofmovemmtofdiediffiactive optic. Thus, die present system allows fiir 
dynanuc adjustmat of the diveim beams 8 relative 

It is foOier contenq^lated diat a fisedback system 56 is operabfy 
nucro-positioningassanbly50andflielasertcanscei^ Thefeedbadk 
system generally monitors signal sttengdi and controls die micro-posttioning assembly 50 to 
10 maximize available signal strength. 

QperatioA 

In q>eration of the configuration of Figure 5, the laser of each transceiver 
subassemblies 90 is mod u lated in accordance with the signal fiom a corresponding signal 
generator or source. The m odulated beam 8 passes fibom die laser flirou^ die beam qplitter 

IS 86 to intellect die difB^ve optic 60 at the prede(enniiied,nonrperi^^ That is, 

as previously discussed, the difl&active optic 60 is located ofiF-axis fiom the direction of 
propagation oftiie diverging beam 8. The modulated coherent beam 8 passes through tiie 
dif&active optic 60 and is redirected along a colluxiated communis In the 

preferred construction, tiie dif&active optic 60 also multiplex the diverging beams as well as 

20 shapethebeauL 

At the receiving ^d, the coUimated modulated (multQ)lexed and/or shaped) 
communication beam 12 passes flm>u£^ die difi&active optic 60, whereby individual 
wavelengOis are diffiacted to virtual pomt sources and particularly die beam splitter 86 of the 
respective transcdversubassonbly 90. A portion ofdie signal is directed to die 

25 photodetectorifdiere the optical agnails 

Referring to Figure 3 , in a transmitting mode, an iiq>ut signfd passes along die fiber 
optic and flnou^ die diveiging lens Of necessary) to pass to die secondary diflfiactive optic 
40. The secondary diffiactive optic 40 forms aplurality of virtual point sources which are 
directed to die off-axis difGbactive optic 60 which culminates die signals mto a 

30 communication beam 12. 

In a receiving scoiario, die (multq>lexed and/or shaped) colKmated communication 
beam 12 passes through die diffractive optic 60, v^erein, dqiending on the number of wave 
lengdis,acon:espondirignund>erofconvei:^ These beams intersect the 

secondary di£Gractive 40 optic and collectively converge to an iopat lens to the fiber optic. 

35 R^feoing to the configuration ofFigore 4, the reflective diffi^ 

i5enq>loyedinthehousiag30. The laser transcdversubassembfies 90 are disposed wifliin 

9 



wo 02/175116 



IPCTmSOlL/25836 



fhe housing 30 beyond AefiK)^iriiit of 1^^ In 
transmitting, tbe laser transcend subassembly 90 generates (or transmits) a diverging 
coherent beam 8 ^9dudi intersects tibedifi^^ Hie 
diverging beam 8 reflects off fte reflective surfice 64 of ttie hologram and is proj ected as a 
5 coUimated conmnmicatioiiL beam 12 esiting flie housing 3 0 along the communicadon beam 
axis. 

Jn the receiving mode of ttie configuration of Figure 4, the coUimated communicatKon 
beam 1 2 passes through the housing 3 0 and through the dif&active optic 60 to be reflected 
fiom the reflective sur&ce 64 and towards flie respective laser transceiver subassemblies 90. 

10 Re&xring to Figure 6, in &e dedicated configuration of Ihe dii^active optic 60, the 

transmitt^ 70 are located o&axis to a portion of the dif&active optic 60 and each respective 
diverging beam 8 intersects the difi&active optic to form the coUimated communication beam 
12 eideud^Qg along the ooDomuoicationb In tiiiis dedicated diffiactive optic, the 

mooming commnaicatton beam 12 intersects flie diffiactive optic 60 in a separate location 

IS than the transmitted ccmmnmicationbeain. The iricorningcomninnicalion beam passes 
through the difBiactive optic 60, whemn the respective wavelengths are directed to discrete 
point sources and CQiireqponding photo det^^ Thus»tbie configuration ofFigure 6 does 
not require a beam splitter 86. 

Referring to Figure 7, areflective dedicated difi&active optic 60 (hologram) is 

20 employed. In tihis configuration, the diverging coherent beam 8 emmates jBcom a respective 
transmitter 70, passes tilm>Bgj[L &e diffiactive optic 60, reflects through off &e reflective 
sur&ce 64 to form the coUimated communication beam 12 extending along the 
communication beam asds. An inconningcoiinmumcation beam 12 intersects a sqsa^^ 
portion of flie difl&active optic 60, passes through to flie reflective sur&ce 64, wherein 

25 specific wavdengBis are directed to correspoadi^ 
preferably outfflde the fboQsrint o 

The presesut system thus provides a single optic ^nch coOimates, mux/demuxes and 
beam corrects, sudi as beam shapes. The system is particular^ suitable for diode lasers. 
SpedficaUy, diode las^ tend to exhibit astigmatism such that the resulttng coheraot beam 

30 has an el%tic cross sectiorL The present diffiactive optic 60 can be readify constructed to 
compress the el]q>se to a circular cross section, therd>y skiing the beam. 

In addition, the diameter of tiie communication beam 12 leaving tiie hologram is 
many times the diamet^ of £he beam 8 eidting the transmitter 70 or light source gmoator (or 
fiberoptic), Ihus, the energy ofthe signal is spread over a reMvely large, cro^ 

35 area, which enhances eye-safely. Additionally, the relatively large diameter of the 

communication beam 12 traveUng between flieconqKments of the network improves the 
recq>tion characteristics of the communication beam at the optical receivezs. 
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It is fiirdifir contemplated the present inveation can commtmicate wiHx an altesBative 
structure such as a convCTtional telescope systeuL 

While the inveolioii has hem described in connection wifli a pnesen^ prefetred 
enibodimen^ those sIdUed in the art wiU lec^ 
made tib^arein willioiit dqmrting fi^ 
accoidtog^y is intended to be defmed by file q»pe^ 
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Itt the Claims 

1. An optical oommumcationqipatatiisfo^ 
free space, Ibe ^paiatus ccnapnsixig: 

(a) a plmaUty of modulated diveigk^c^ 

selected to produce a conespondixig plurality of divergmg beams; and 

(b) a difBsctiveqptic located oflf-axis to the ptui^^ 

difiBwtive optic configured to tefiact the diveatgtng beams inlo a coUimated communication 
beam. 

2 The optical conmmnication apparatus of Qaim 1, furtfaer conqwrisiDg a positjomng 
assembly connected to the sources to alter a direction of the conesponding diveiging beams 
relative to the difB»ctive optic. 

3. The optical comrnimication apparatus of CSaim 1 , wherdn the diflfractive optic is a 
hologram. 

4. The optical conrniimicaHon apparatus of Claim 3, wherein the hologram 
coUhnates, mnltq)lexe8 and beam Aapes the plurality of diverging beams. 

5. An optical transceiver, conqnising: 

(a) a diveacging coherent electromagnetic beam source emitting a divei^ 
electromagnetic beam along an axis; and 

(b) adiflBwtiveopticopticaltyintcrsectmgthediviagc^ 

beam in an off-axb orientation, Ihe difBnctive optic selected to collimate the diverging beam 
along a commmricatiQn aads. 

6. The optical transcdverofQaim 5, wherein the difErac^ve 

7. The optical transceiver of Claim 5. farther conqiriaing a second di vCT gmg r^h^rmt 
electromagnetic beam source emitting a second diverging electromagnetic beam along a 
second axis. 

8. The optical transcdver of Claim 6, wherein the di£B:acti 

collimate, multiplex and beam shape fbe diveiging coherent electromagnetic beam and the 
second diverging coherent electromagnetic beam. 

9. The optical transceiver of Claim 5, wherein fliedi£B:^^ 

10. Amethodof optical communication, comprising: 
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(a) passing a divergmg coherent beam through an off-aarig cn llhwfltfng Hiflrantiy^ 
optic to finm a oollimated oommimication beam in free ^ace. 

11. The method of Claim 10, fiiiflier comprising passing a plurality of diverging 
coherent beams tfioug^ the diffiactive optic to fom the commimicatLonbeam. 

12. The method of Claim 10, ^erdn the difiSs^ 
div€igEqg ooherait beam. 

13. The method ofClaim 10 wheroin the difBr&ctive optic is selects 
divearging coherent beam. 

14. The method of Claim 10, furdier comprising enq>k>yi^ 
difEractive optia 

15. A mefliod of optical comnmnication, conqnising: 

(a) passing a coUitnated multiplexed coherent energy conmi^ 
difiB:a0tive optic to difBact flie coherent energy to emulate a pluiahty of discrete point 
somces, at least one of fte emulated point sources located off-axis to the communication 
beam. 

16. The method of Claim IS, herein each point source is substantially 
monochromatic. 

17. lliemethodof Claim IS, further conqmsinggea^^ 

point sources xipoa passing the coUimated multiplexed coherent energy communication beam 
tibdou^ flie difGracdye optic. 

18. A method of fimning a c ommunicatio n heamj cnmprimTi g: 

(a) projecting a plurality of modulated coherent energy beams tfarougji an off-axis 
diffiactive optic to fbim a colliniated conmmiiication beam^ 

19. A method of fimning a coUimated finee apacp. Tir^n<iiTfatftd finniTniif^infltj^ bfam, 
comprising: 

(a) passing a modulated ligjit beam through an off-axis hologram selected to coUimate 
the beam througjb free space. 

20. Anopticdcommimicatione^aratusfiirtransmi^^ 
free space, the ^aratus conqirising: 

(a) a planar hologram; 
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(b) a diverging coherent beam source for emitting a diverging coherent beam along an 
emitting axis, the emitting axis non p^endicularfy intersecting the hologram, the hologram 
selected to collimate ttie di voging cohemit beam. 

2L The optical cornmimieatian q>patatus of caaim 20, fiiriher cmn priirif^g a 
secondaiy hologram opticalfy intemiediatB flie planar hologram and the diverging coherent 
beam source. 
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